and Developmental Biology bule exploration, we quantified microtubule extensions beyond a boundary set at 75% of the width of the P Yale University P.O. Box 208103 domain ( Figures 1A-1D ). Whereas a snapshot ( Figure  1A ) catches a few microtubules passing this criterion New Haven, Connecticut 06520 (arrowheads), integrating microtubule behavior over 10 min reveals that microtubules stochastically explore essentially the entire P domain ( Figure 1B ; see also SuppleSummary mental Movie 1 at http://www.current-biology.com/cgi/ content/full/14/13/1194/DC1). Interestingly, P domain Dynamic microtubules explore the peripheral (P) sampling appears to be somewhat region dependent growth cone domain using F actin bundles as polymer- (Figures 1C and loop, suggesting the presence of a microtubule-actin
been reported. To address these issues, interactions were halted by fixation at various time points, followed by immunolocal-F Actin, Active Src, and Few Microtubules Localize Early at Bead Target Sites ization of microtubules, actin filaments, and activated Src. During the "latency period," defined as after bead We were interested in whether the microtubule exploration of the P domain described above could be involved placement but before C domain and leading edge advance (Figures 2A and 2B (2) at the onset of C domain advance, and (3) during the interaction period ( Figures 2I and 2J ). Retrograde actin In summary, actin assembly and active Src accumulation appear to be early local events at bead target sites flow rates were determined using the laser trap assisted flow coupled bead assay (see Experimental Procedures during the latency period, whereas microtubules likely explore target sites multiple times during a typical laand Figure 3) [18]. During the latency period, microtubule density at bead sites remained low and retrograde flow tency but do not accumulate during this time.
rates within the target interaction axis remained high (Ն90% of control flow rates assessed adjacent to the Dynamic Microtubules Are Necessary for apCAM-Mediated Target Interactions bead binding site). In contrast, retrograde flow had slowed significantly by the onset of C domain extension We previously reported that C domain advance is correlated with slowing of retrograde actin flow during the with a corresponding slight increase in microtubule density. However, during the interaction phase, microtubule target interaction phase [16, 18]; however, the mechanism of microtubule advance is unknown. When RBIs density at target sites increased dramatically and retrograde actin flow rates slowed maximally to 15% of conwere halted by fixation during the interaction period (i.e., after the start of C domain advance), microtubule trol flow rates (p Ͻ 0.001). Thus, microtubule advance is well correlated with slowing of retrograde F actin flow extension was typically already evident ( Figures 2E-2G) . Since under the control conditions microtubules are rates within the target interaction axis. Next, we addressed whether target site-directed mitransported rearward by retrograde actin flow at about the same rate as they assemble [2], we wanted to test crotubule extension depends on microtubule assembly. Growth cones were first tested for RBI competence unwhether microtubules advance during target interactions as a result of continued assembly combined with der control conditions using beads derivatized with re- Figures S2C-S2E) . Interestingly, dampening microtubule dynamics by either method inhibited all key characwhereas, in taxol, on-axis flow rates were only slightly reduced relative to off-axis rates (Figures 3K versus 3L) . teristics of target interactions without marked effects on growth cone motility (Supplemental Movies 4 and 5).
Note that retrograde flow rates observed in taxol were similar to off-axis flow rates observed under control Site-directed F actin assembly around restrained beads, C domain extension, directed microtubule extension, conditions ( Figure 1E ). Similar results were observed in RBIs blocked by vinblastine (data not shown). These and protrusive leading edge growth near interaction sites no longer occurred (n ϭ 5; Figures 3C-3E ; focal F results suggest that dynamic microtubules are not essential for actin-based lamellar motility but play a more actin quantifications, Figure 3F ). In addition, the late tension increases typical of control RBIs and indicated specialized signal transduction role in regulating apCAM interactions with the actin filament retrograde flow sysby needle deflections were not observed (lines in Figures  3A-3D; Supplemental Figure S2 ). Interaction probability tem [19] . was reduced by 82% and 100% in taxol (n ϭ 11) and vinblastine (n ϭ 7), respectively. 4F, 4I, and 4J) . Note that Src family kinase potentiate Src activity at target sites. The latter would
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